Endo, T.; Shigemori, K.; Azechi, H.; Nishiguchi, A.; Mima, K.; Sato, M.; Nakai, M.; Nakaji, S.; Miyanaga, N.; Matsuoka, S.; Ando, A.; Tanaka, K.A.; Nakai, S.
The study of hydrodynamical perturbation growth in the shock-compression phase is essential for a better understanding of the Rayleigh-Taylor (RT) instability [1] not only in inertial-confinement-fusion (ICF) implosions [2, 3] but also in supernova explosions [4] . When ablation pressure is first applied on an ICF target with surface ripples, a rippled shock wave is launched in accordance with the target surface. It is predicted that once a shock front is rippled the amplitude of the ripple tends to oscillate as the shock propagates [5, 6] . This is caused by lateral fluid motion behind the shock front. The oscillation of the rippled shock would amplify target perturbations and determine the initial conditions on the RT instability after shock breakout [7 -9] . [10] with a random-phase plate [11] implemented in the GEKKO-XII Nd:glass laser facility [12) . Figure 2(a) shows a streaked image of the shockbreakout emission at the rear surface. It is seen that the emission intensity sharply rises and gradually decays, consistent with the shock breakout followed by rarefaction and expansion at the rear surface. The long emission at the left and right ends to the image is due to interaction of the shock-accelerated target material with the Be window edge. Thus the long emission can be used as a spatial fiducial signal. The relation of the spatial phase between the initial and observed ripples is, therefore, reliably known from the position with respect to the window edge. Moreover, before the shot, the target was placed at the right position, then imaged on the 5-20 streak camera so that the initial ripple phase was readily known on the same CCD screen as that at the shot. The accuracy of the spatial-phase observation was better than~7% of the ripple wavelength.
By inspecting the spatial correspondence of Fig. 2(a) , it has been found that the shock wave traveling through the thicker portion of the target arrived at the rear surface earlier than that through the thinner portion, as denoted by the dashed lines. This is clear evidence of the phase inversion of the shock-front ripple.
From the time history of the shock emission, we determined the difference in the breakout times between the shock trough and crest at which the exposures were a constant fraction of their peaks. The ripple 2.0 x, /k amplitude was determined by multiplying the shock velocity by the difference in the shock-breakout times. The shock velocity was measured using wedge targets to be (3.5~0.2) X 106 cm/s. This corresponds to a shock pressure of 9 Mbar. The closed circles in Fig. 2(b) show the evolution of the shock-frontripple amplitudes deduced by the described procedure above, where the shock-propagation Open plotting symbols in Fig. 2(b) show the results of the two-dimensional simulation code tzANAMt [13] ,and agree well with the experimental results.
In the following, the propagation of the ripple shock wave is analyzed by the shock-front ray trace. Also the analytical solution does not show the damped oscillation. These discrepancies may be due to the lack of the ablation front in the analysis described above. It has been found by simulations that the pressure perturbation behind the shock front decreases through the ablation front during the shock propagation.
The ripple-shock propagation will introduce arealdensity perturbations.
They were measured with face-on x-ray backlighting. The backlighter structure was well fitted by a superposition of two Gaussian functions.
Regarding the areal-density perturbation, we used the sinusoidal perturbation only of the fundamental.
When the second harmonics were taken into account in the data reduction, the Fourier amplitude of the second harmonics was scattered around zero and the average amplitude was much smaller than the fundamental amplitude. Hence we judged that the deduced second harmonics were not real but rather originated from experimental artifacts such as quantum noise on the image. Simulation results shown Since the areal-density perturbation can grow due both to the rippled-shock propagation and to the surface-ripple growth at the ablation front, it is necessary to measure the temporal evolution of the surface-ripple amplitude as well. We directly observed the surface ripples by side-on x-ray backlighting.
In the side-on geometry, the laser-irradiated surface may be hidden by the surrounding weakly irradiated surface. To avoid this, the target width was restricted to be 300 p, m over which the laser intensity decreased only by 15%. Figure 4 This is shown in Fig. 3(b) by the closed circles. The areal-density-perturbation amplitudes evaluated from the rippled-shock data are consistent with those directly measured by the face-on x-ray backlighting. This implies that the areal-density-perturbation growth is due mainly to the *Present address: Department of Microsystem Engineering, Nagoya University, Chikusa-ku, Nagoya 464-01, Japan. 
